Abstract: Hemophilia A is an inherited disorder characterized by deficiency of coagulation factor VIII, which predisposes patients to bleeding events. Treatment is based on replacement of the deficient factor, in a therapeutic or prophylactic manner. Brazil is the country with the third largest population of people with hemophilia, for which the public health system provides free comprehensive care. Maintaining an updated registry of patients, documenting the prevalence of complications, and assessing the effectiveness of resource use are indispensable elements in the design of a well-coordinated national program. According to sociodemographic, clinical, and laboratory data collected by the computerized Brazilian system on coagulopathies, in June 2013, there were 9,122 registered patients with hemophilia A in Brazil, of which 36.1% had a severe form of the disease. Clotting factor inhibitors were present in 7.5%, but 25.7% of records did not provide this type of data. Around 70% of the patients belonged to the economically active population, being between 15 and 59 years old. Infection by the human immunodeficiency virus was present in 23.4% of the patients tested and infection by hepatitis C virus antibodies in 59.3%. Infection by the hepatitis B virus and human T-lymphotropic virus was also reported. The high percentage of incomplete records regarding serological data shows the fragility of the information system to date. There was also no information available on the prevalence of permanent or disabling joint damage. Although few hemophiliacs receive adequate care in developing countries, and despite Brazil exhibiting great social inequalities, the Ministry of Health has made significant advances in the treatment of hemophilia A. The gradual increase in importation of factor VIII concentrate enabled the implementation of primary and secondary modalities of prophylaxis, in addition to the induction of immune tolerance. There are also plans to set up a factory in the country, to ensure Brazilian self-sufficiency in the production of blood products.
Introduction
Hemophilia A is a bleeding disorder resulting from the inherited deficiency of coagulation factor VIII (FVIII), which is transmitted recessively and linked to the X chromosome. 1 Patients tend to have recurrent bleeding of varying severity, which occurs spontaneously or posttraumatically in any organ or tissue. 2 Over 90% of the hemorrhagic events involve hemarthrosis, intra-articular bleeding that begins to occur in the first years of life. When recurrent and untreated, or inadequately treated, hemarthrosis results in permanent damage to articular cartilage, leading to deforming and crippling arthropathy even in the second decade of life. 3 The treatment of hemophilia A in Brazil is based on the replacement of the deficient factor by intravenous infusion of plasma-derived or recombinant FVIII concentrates, , divided into 26 states and a federal district. These 27 federal units comprise five geographic regions (Figure 1 ), in which ethnic and cultural diversity and socioeconomic inequality are quite pronounced (Table 1) . 5 Of the 193,976,530 inhabitants, 8.7% are illiterate and 43% work in an informal way. 6 With a gross domestic product per capita of US$11,530, the country exhibits great social inequality. The Gini coefficient for household income was 0.547 in 2009, according to the World Bank. 7 The Brazilian health system is public, funded by federal, state, and municipal budgets. It guarantees everyone universal and full access to activities targeting health promotion, protection, and recovery. It is estimated that over 80% of the population relies exclusively on the Unified Health System (Sistema Único de Saúde [SUS]) for these services. 8 Through the Care Program for People with Hemophilia and Other Inherited Bleeding Disorders, the SUS is responsible for the assistance of hemophilia patients. The main activities of the program include the acquisition of FVIII concentrates and their distribution to the 183 Hemophilia Treatment Centers (HTCs) around the country. 4 According to the World Federation of Hemophilia, Brazil has, in absolute numbers, the third largest population of patients with hemophilia, smaller only than that in the United States and in the People's Republic of China. 9 The Brazilian government has been striving to increase the supply of quality blood products to sufficient quantities to ensure proper treatment of these individuals. However, regional disparities pose a major problem when planning a national coverage program for the treatment of hemophilia.
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Short history of hemophilia in Brazil
In Brazil, the process of industrialization that took place in the 1960s and the subsequent urbanization led to the concentration of large numbers of people in the larger cities. Changes in the industrial landscape and in the transportation system contributed as determining factors in the increasing number of workplace and traffic accidents, generating a greater demand for blood products. This spurred a growing class of paid blood donors, mostly coming from marginalized populations of the major urban centers, who relied on the practice of selling blood to private blood banks to improve their purchasing power. 11 These private blood banks were also responsible for providing cryoprecipitate and fresh frozen plasma for the treatment of hemophilia patients, for a number of years. 
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Hemophilia A in Brazil -epidemiology and treatment developments were to organize a network of institutions responsible for the supply and distribution of blood and derivatives, adopt voluntary blood donation in a systematic manner, and regulate the production of blood products. The program established blood centers in the state capitals as model services in the control, processing, and distribution of blood, in addition to acting as the sites for staff training, research, diagnosis, and treatment of patients with coagulopathies.
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In 1988, the Brazilian Constitution barred any form of commercialization of blood and blood products. This measure was the outcome of a campaign led by two brothers, both with hemophilia, the sociologist Herbert de Souza and the cartoonist Henrique de Souza, known as Henfil, both infected by the human immunodeficiency virus (HIV) through infusions of cryoprecipitate. The campaign attempted to mobilize society with the motto "Save the blood of the Brazilian people" since at that time, over 60% of patients with hemophilia were infected by HIV and hepatitis C virus.
There was a small plasma fractionation center in the state of Rio de Janeiro that produced FVIII concentrate in amounts that supplied 10% of the country's demand. Most of the patients with hemophilia A were treated with cryoprecipitate, while a few others received FVIII concentrates imported separately by some hospitals or by state governments. 13 In the 1990s, the SUS began importing FVIII concentrates at a ratio of 10,000 IU per hemophilia A patient per year, while the World Federation of Hemophilia advocated that at least 20,000 IU, corresponding to 1 IU per capita/ year, would be needed to maintain the optimum survival of patients.
14 At that time, the imports occurred irregularly, and the distribution criteria were not well defined. 10 In 1994, the Given the lack of uniformity in treatment, a national hemophilia committee was created, linked to the National Health Surveillance Agency (Agência Nacional de Vigilância Sanitária), in 1998. Its first action was to send a questionnaire to all blood centers to determine the number of patients with hemophilia registered in each state, the clinical and laboratory profiles of these patients, and the number of health professionals and laboratory facilities available. 15 With the analysis of the data collected in the first investigation, a prototype national database was formed, and a diagnostic laboratory network was organized.
In 2001, imports of FVIII concentrate by the Ministry of Health reached 30,000 IU per registered patient. 10 Given the availability of processed blood products and considering the ongoing risk of transmission of infectious diseases, the use of cryoprecipitate was banned as a treatment for hemophilia in Brazil in 2002. 16 
The "Hemovida Web Coagulopathies" information system
Maintaining an updated registry of hemophilia patients is essential for documenting the epidemiology and natural history of the disease, planning research, managing treatment programs, and evaluating the effective use of resources, especially when a substantial amount of public resources are spent on treating a low-prevalence disease. 9, 17 Based on this premise, one of the first steps by the Brazilian government was to develop a national registry of patients with hemophilia. 13 Until December of 2008, this record was compiled from worksheets mailed to the blood centers, raising all sorts of problems, such as incomplete data delivery, difficulty in updating the data, typographical errors, and duplicate records. In January 2009, the Ministry of Health implemented the "Hemovida Web Coagulopathies" computerized system, seeking to regulate the information criteria, to improve care to patients with coagulopathies. Increasing the reliability of individual data, the system could allow adjustments in patient care policy and more effective expenditures. 4 The HTCs are responsible for maintaining constant updates on 
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Ferreira et al the prevalence of inherited bleeding disorders, the clinical data of patients, and the dispensing of coagulation factors. Despite having created excellent data update conditions, the computerized database still appears weak regarding its data feeds, which is perceptible when the quality of the resulting epidemiological information is analyzed.
Epidemiology of hemophilia A in Brazil
It is estimated that the prevalence of hemophilia A varies from 0.5-2 per 10,000 male births, being lower in low-income countries. 1, 18 It is believed that the difficulty of diagnosis, inaccurate record-keeping practices, and the unavailability of treatment, which eventually leads to death, even at an early age, contribute to the prevalence being lower in places with limited resources. While the average prevalence of hemophilia A in developed countries was 1.28±0.6 per 10,000 men in 2006, in the poorest countries it was 0.66±0.48. In recent years, an increasing trend in prevalence in developed countries, such as Canada, The Netherlands, and the UK, has also been described. 19 In 2012, the total number of patients (including men, women, and babies) with hemophilia A registered in Brazil climbed to 9,122 (0.95/10,000), 32.5% higher than that recorded in 2007 (0.74/10,000). The prevalence ranged from 0.36/10,000 men in the state of Roraima to 1.79/10,000 men in the Federal District, 20, 21 there being a positive correlation between the number of recorded hemophilia cases and the average monthly household income per capita in the states (r=0.47, P=0.013) and in the regions (r=0.879, P=0.021) of Brazil. The prevalence of hemophilia A, by Brazilian geographic region, is shown in Table 2 .
Of the 9,122 patients with hemophilia A, 98.2% were male (including children and adults) and 161 (1.8%) were female (including children and adults), diagnosed with hemophilia or as symptomatic carriers. Almost seventy percent (69.7%) of the patients were between 15 and 59 years of age, constituting the economically active population. 21 Table 3 shows the age distribution of patients with hemophilia A. 21, 22 The severe form of hemophilia A (residual FVIII activity ,1%) was reported in 36.1% of the cases; a further 24.2% referred to the moderate form (with activity between 1% and 5%), and the remaining 25.3% were related to the mild form of the disease (FVIII activity between 5% and 30%). It is important to note that in a significant proportion of the records (14.4%), the severity of hemophilia was not reported in the Hemovida Web Coagulopathies system. 1, 21 The presence of inhibitors, alloantibodies against infused FVIII, is the most feared complication related to the treatment of hemophilia A. 23 Patients affected by inhibitors do not adequately respond to normal treatment and require FVIII concentrates at higher doses, or alternative medicines, with even higher costs. 24 Among patients with hemophilia A who were tested (6,835), 7.5% were found to have already presented at least one positive inhibitor test, and in 50.9% of these cases, high-response inhibitors (ie, with a titration greater than 5 Bethesda units per milliliter). However, 25 it has been reported that 25.1% of patients either had not been tested or did not have their data registered. In three Brazilian states, Amapá, Mato Grosso do Sul, and Sergipe, more than 90% of patients had no records regarding the test for coagulation factor inhibitors (Table 4) . 21 In 2007, 4.5% of the patients with hemophilia A presented a positive serology for acquired human immunodeficiency virus (anti-HIV), and 30.1% either had not been tested or their results had not been reported to the national registry. 20 With the implementation of the computerized system, the lack of information on serology status or of performance of the test reached a level of 82.8% among patients in 2012. It is assumed that this situation is due to failure to update the Hemovida Web Coagulopathies database by the HTCs, demonstrating once again, the fragility of the system. The possibility that 
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Hemophilia A in Brazil -epidemiology and treatment developments beginning in 2014 and to become the largest manufacturer of blood products in Latin America, to date, all of the FVIII concentrates used in Brazil are still imported. Plasma is collected in Brazilian blood centers and sent to a French laboratory -a technology transfer partner. In France, the plasma is processed and the blood products are sold back to Brazil. 26 With a limited availability of FVIII concentrate, the treatment of hemophilia A in Brazil was restricted until 2011, to the on-demand format (ie, the infusion of FVIII was performed only after the occurrence of bleeding), making patients travel from their homes to the nearest blood center, upon each episode. 27 Considering Brazil's territorial dimensions, this travel could be hundreds of kilometers, often on unpaved roads or via river transport. Moreover, given the importance of immediate treatment of bleeding events, 28 Brazil adopted, in 1999, the "emergency home dose" (Dose Domiciliar de Urgência [DDU]) program. This program selects and trains patients or their caregivers so that they can administer the infusion of a predetermined dose of FVIII concentrate at home immediately at the onset of symptoms, thus delaying, for a few hours, the visit to the blood center. 10 However, in 2008, a major crisis in supply of FVIII concentrate caused the DDU program to be temporarily suspended in 63% of the blood centers. 29 The national average for patients with hemophilia A who have joined the DDU program was 39.3% in 2012 (Table 6 ). The states with higher participation in the program were Rio Grande do Sul, with 74.4% of patients qualified, and Santa Catarina, with 63.5%. The states with lower membership were Amapá, with only 4.7%; Bahia, with 11.5%; and Rondônia, with 11.7% participation. There was no information about the DDU membership in the states of Mato Grosso do Sul or Sergipe. 21 Fearing a new crisis in the FVIII supply in 2011, HEMOBRAS, still under construction, asked the federal government to reconsider import taxes. The temporary suspension of taxes generated a savings estimated at 7.5 million dollars, and a new contract model for the import of blood products was adopted, allowing an increase of 65% in product purchases. 26 This increase in availability of FVIII, climbing to 3.7 IU per capita in 2012, was a milestone in the treatment of hemophilia A in Brazil.
21 Figure 2 shows the per capita consumption of FVIII concentrate in Brazil, in the period 1996-2012. 4, 10, 21, 30, 31 In December 2011, the Ministry of Health approved the guidelines for the primary prophylaxis treatment of boys under 36 months old with severe hemophilia A, following the first hemarthrosis or a severe hemorrhagic event -children gained the right to receive scheduled infusions of FVIII concentrate, one to three times a week, in order to avoid bleeding events and prevent hemophilic arthropathy, the main complication of hemarthrosis. The following month, immune tolerance tests were not performed due to laboratory access problems must also be considered but seems a less likely reason for the lack of information. The same occurred with respect to the serology results for hepatitis B, hepatitis C, and human T-lymphotropic virus, as can be seen in Table 5 . 21 The proportion of patients with hemophilia A who have crippling joint damage is not known, although admittedly, hemarthrosis and osteoarticular sequelae cause great negative impact on the economic productivity and health-related quality of life of these patients.
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Evolution of hemophilia A treatment in Brazil
In 2004, the Brazilian Enterprise for Blood Products and Biotechnology (HEMOBRAS) was created. Budgeted at 246 million dollars and with a catchment area of 48,000 m², the plant was designed to process 500,000 liters of plasma per year. Despite the initial intent to produce plasma-derived medicines However, in March of 2013, the Ministry of Health approved the use of recombinant FVIII concentrate for the treatment of hemophilia A. The drug, produced through genetic engineering, without plasma components, has the advantage of not having to rely on blood donations for its manufacture.
A new partnership was established between HEMOBRAS and a private laboratory that would produce the drug. The US-based laboratory agreed to transfer the production technology to Brazilian laboratories over a period of 5 years. In exchange, the government assured exclusivity in its purchase of these products during the same period. 26 Currently, recombinant FVIII concentrate is gradually replacing plasma-derived concentrate in the treatment of hemophilia A in Brazilian blood centers. However, consumption of FVIII in the Brazilian states is not uniform, ranging from 0.27 IU per capita in the state of Roraima to 7.22 IU per capita in the Federal District. 21 Although this calculation is influenced by the reported prevalence of hemophilia, when we consider the consumption of FVIII by registered hemophilia A patients, disparities remain. While consumption was slightly over 13,000 IU/patient in the states of Roraima and Mato Grosso do Sul, it had reached over 80,000 international units (IU)/patient in the Federal District in 2012, even though the latter two federal units belong to the same geographical region. Figure 3 shows the average FVIII consumption per patient with hemophilia A in the Brazilian states.
Comprehensive health care and hemophilia A in Brazil
Guaranteeing hemophilia patients access to health promotion, protection, and recovery actions, as advocated by the SUS, requires more than just the availability of FVIII concentrate. Among the 183 existing HTCs in Brazil, there are services truly specialized in providing multidisciplinary treatment, with professionals from various areas who are trained to provide comprehensive care to the patient. This approach treatment was authorized for patients with hemophilia A who presented high-response inhibitors. Both of these courses of therapy require high doses of FVIII concentrate.
26 After 1 year, there were already 140 boys in primary prophylaxis treatment and another 85 patients, including adults and other children (not those in prophylaxis), preexisting inhibitors receiving immune tolerance treatment. 21 Months later, the Ministry of Health expanded the prophylactic treatment of severe hemophilia to boys over 3 years old and to adults. Prophylaxis initiated at a later stage does not recover the functionality of a joint already affected by hemophilic arthropathy but does reduce the number of bleeding events and prevent sequelae in other joints, thus aiming to improve patients' quality of life. 26 Meanwhile, in northeastern Brazil, the first phase of the HEMOBRAS factory was inaugurated in September 2012: a fully automated, 350 m 2 refrigeration chamber, with a capacity to store one million plasma bags. In that year, the company signed contracts with various Brazilian blood centers to guarantee plasma in sufficient quantity and quality as raw material, and the Ministry of Health guaranteed that construction would continue in order to make Brazil self-sufficient in the production of blood products. has already been suggested to be capable of reducing the mortality of patients with hemophilia. 32 Most HTCs are situated in blood centers or university hospitals. Some have teams including hematologists, orthopedists, physiatrists, infectious disease specialists, nurses, dentists, physiotherapists, psychologists, and social workers. Other HTCs are mere dispensaries for FVIII concentrate and do not offer clinical care.
Currently, in this country, 120 hemotherapy services linked to the public health network provide outpatient care for patients with hemophilia. Of this total, 52 (43.3%) are distributed in only three states, with 27 in Minas Gerais, 14 in São Paulo, and eleven in Rio Grande do Sul. However, in nine of the 27 Brazilian states, attention remains restricted to a single HTC, located in the state capital, as shown in Figure 4 .
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In 2007, a survey showed that more than half of the patients had difficulty getting access to a hematologist and 31%, to psychological care. Over 30% reported not having access to physiotherapy followup, 34 even though physiotherapy is considered essential for the treatment and rehabilitation of patients with hemophilia. 35 With regard to the prevention and treatment of infectious diseases potentially transmissible by blood components and blood products, the SUS offers vaccines against hepatitis 
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Ferreira et al types A and B, as well as treatment for hepatitis types B and C. 36 The Brazilian policy of confronting acquired immunodeficiency syndrome (AIDS) assures infected patients free and quality antiretroviral treatment. The program has wide coverage and has been touted as a model for other countries, although it receives criticism for failing to reduce the incidence of the disease in this country.
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Conclusion
After the ban on the sale of blood and blood products in 1998, a milestone in the treatment of hemophilia A in Brazil was the implementation of prophylaxis treatment in 2011. While the SUS ensures the availability of FVIII concentrate, there is much to be sought to ensure comprehensive health care attention to patients with hemophilia. Improvements are needed in all stages of care: from access to early diagnosis, to access to multidisciplinary treatment, as well as rehabilitation and social inclusion of individuals with joint sequelae or chronic infectious diseases. The fragility of the inherited bleeding disorders information system is evident. The HTC difficulties in maintaining current data hinders the Ministry of Health's recognition of adjustments to the national program that are needed to reduce regional inequalities in the treatment of hemophilia. Finally, for patients included in the prophylaxis program, there is essential need to develop tools to assess the effectiveness of this therapeutic modality in the Brazilian context. 
